Identification of the dominant sources of carbon supporting consumer biomass in 2 aquatic food webs is often difficult but essential to understanding the limits to aquatic 3 secondary production. Stable isotope analysis (SIA) is a powerful tool to estimate the 4 contribution of different sources to consumers, but most food web studies using this 5 approach limit analyses to a few key consumer taxa rather than measuring biomass-6 weighted contribution of sources to the entire community. Here we combine SIA 7 with standardized measurements of abundance and biomass of fishes and 8 invertebrates in seven waterholes of a wet-dry tropical river sampled early and late in 9 the dry season. We show that periphyton (as opposed to phytoplankton and terrestrial 10 C3 plant detritus) was responsible for the majority of standing fish biomass (range 42 11 to 97%), while benthic invertebrates were reliant on a mixture of the three sources 12 (range 26 to 100%). Furthermore, larger, older fishes at high trophic levels (catfish 13
were rare, occurring at only two of the sites and were thus excluded. Seston is a 3 mixture of phytoplankton and detritus and thus was not used as the pelagic end-4 member. Instead, zooplankton were used because values are more likely to represent 5 long term variability in phytoplankton carbon (Cabana and Rasmussen, 1996) and 6 samples are far easier to obtain than pure phytoplankton. Zooplankton were 13 C-7 depleted and 15 N-enriched relative to seston and all other sources, further illustrating 8 that they were likely representative of a pure phytoplankton signal. For the benthic 9 end-member we used periphyton scraped from submerged surfaces. While the 10 dominant substrate in these waterholes is mud, we avoided sampling periphyton from 11 this surface for isotope work because of the difficulty in obtaining reasonably pure 12 samples. However, we did analyse mid-channel sediment samples for δ 13 C and found 13 values (-23.2 ± 1.0‰ S.D., n = 36) that were similar to those for epiphytes and 14 epilithon reported here, so we are confident that the values are representative of 15 periphyton growing in these waterholes (Bunn et al., 2003) . 16 Although native and naturalized C4 grasses vastly outnumber C3 grasses in 17 the study region (Hattersley, 1983), they were excluded from our analyses because of 18 their rarity immediately adjacent to the waterholes and their unlikely contribution to 19 the food web (Hamilton et al., 1992; Forsberg et al., 1993; Clapcott and Bunn, 2003) . 20
To confirm that this was a valid assumption, we ran a very coarse analysis using the 21
Bayesian mixing model SIAR (Parnell et al., 2010 ) that can accommodate excess 22 sources while still allowing estimates of uncertainty to be included for sources, 23 consumers, and diet-tissue fractionation. We ran the model for fishes with four 24 sources (periphyton, phytoplankton -estimated from zooplankton, leaf litter, and C4 25 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 . For this exercise, we loosely classified fish 2 as herbivores (1 trophic level above producers), omnivores (1.5 trophic levels above 3 producers), or carnivores (2.5 trophic levels above producers) (Pusey et al., 2004) and 4 adjusted fractionation accordingly. In these analyses, the contribution of C4 grasses 5 to consumers was always less then 10% (minimum = 1.5 ± 1.3% S.D. for carnivores, 6 maximum = 9.5 ± 6.9% S.D. for large herbivores), supporting our assertion that they 7 could be reliably excluded from further analyses. 8
By excluding C4 grasses, we were able to collapse our subsequent mixing 9 model analyses to a single isotope, thus reserving δ 15 N to do more detailed trophic 10 level calculations. We used δ 13 C data to calculate the proportion of the diet of an 11 individual taxa composed of periphyton (PER consumer ) versus that of zooplankton/leaf 12 litter. We combined the latter two sources because their δ almost uniformly low (C/N < 4). When non-lethal fin tissue was used in place of 18 muscle, we subtracted 0.9‰ from the δ 13 C value for fin because fin is enriched in 13 C 19 by this amount relative to muscle (Jardine et al., 2011). To calculate PER consumer , we 20 assumed no trophic fractionation of δ 13 C and used simple mixing models of the form: 21 PER consumer = (δ 13 C consumer -δ 13 C detritus&zooplankton )/(δ 13 C periphyton -22
where δ 13 C detritus&zooplankton was the mean value of these two sources at a given site and 24 δ 13 C periphyton was the site-specific value for periphyton. Values for PER consumer can 25 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w   13   sometimes exceed 1 because of small uncertainties in source and fractionation values;  1 in these instances we constrained the value at 1, assuming 100% contribution of 2 periphyton to biomass of the consumer. 3
Within a site, we calculated the biomass accounted for by periphyton for all 4 taxa using the equation (Table 2) : 5
Biomass periphyton = PER consumer *Biomass consumer 6
To calculate the overall contribution of periphyton to the consumer biomass at 7 a given site, we used the equation: 8 % periphyton site = ∑Biomass periphyton /∑Biomass consumer *100 9
To generate error estimates to accompany % periphyton site for fishes, we 10 multiplied standard deviations around mean PER consumer for each taxon at each 11 waterhole by Biomass consumer and summed these for the site. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 (n = 769) and fyke netting (n = 2080) during the two sampling events. An additional 10 266 large crustaceans (3 taxa: prawns, crabs, crayfish) were captured in the fyke nets 11 and are included in all "fish" calculations related to fyke nets because they often 12 dominated the catch in this gear type. Crustaceans were not retained during 13 electrofishing and are not included in biomass calculations associated with that gear 14 type. 15
Fyke net catch per unit effort decreased between the early and late dry season 16 sample period while electrofishing CPUE increased (Table 3 ). In the early dry 17 season, the dominant taxa captured (in terms of biomass) in the fyke nets at the 5 sites 18 were freshwater prawns (Macrobrachium spp., average % of biomass = 27%, % of 19 total = 39%) followed by fork-tailed catfish (Neoarius spp., 14% and 15%), sleepy 20 cod (Oxyeleotris lineolatus, 14% and 13%), giant glassfish (Parambassis gulliveri, 21 12% and 9%) and bony bream (Nematalosa erebi, 11% and 6%). In the late dry 22 season, sleepy cod (average % of biomass = 37%, % of total = 29%) and fork-tailed 23 catfish (30% and 43%) had the highest average biomass, followed by bony bream 24 (11% and 9%). The dominant species in terms of biomass in the early dry season 25 of total biomass = 42%), barramundi (Lates calcarifer, 25% and 31%), and spangled 2 perch (16% and 2%). In the late dry season survey, sleepy cod (average % of biomass 3 = 22%, % of total = 20%), barramundi (18% and 23%) and spangled perch (10% and 4 0%) remained a considerable proportion of the biomass, while gulf grunter (Scortum 5 ogilbyi, 12% and 14%), bony bream (11% and 3%) and fork-tailed catfish (Neoarius 6 leptaspis, 6% and 10%; N. paucus, 13% and 26%) also contributed large amounts. 7
For invertebrates captured in dip nets, biomass was dominated by crabs 8 (average % of biomass = 14%, % of total = 47%), diving beetles (Dytiscidae, 5% and 9 19%), snails (17% and 10%), shrimps (Atyidae, 18% and 6%) and water scorpions 10 (Nepidae, 18% and 6%) in the early dry season. In the late dry season, biomass 11 shifted to snails (17% and 37%), dragonflies (Coenagrionidae, 33% and 26%), and 12 shrimps (Atyidae 22% and 21%). All other taxa accounted for less than 7% of 13 biomass calculated by both methods. 1.00 at the off-channel lagoon in the early dry season where two large 3 sundathelphusid crabs accounted for most (73%) of the biomass in the sample. We 4 were unable to estimate PER consumer at the off-channel site in the late dry season 5 because our sources did not differ greatly enough to provide the resolution needed for 6 accurate source proportion estimates. However, data from the other four sites 7
suggested that invertebrates consumed equal or less periphyton late in the dry season 8 compared to the early dry season (Table 3) . 9
Fishes and large crustaceans (prawns, crabs and crayfish) were heavily reliant 10 on periphyton. Of the 2,849 fish captured by the two methods, 408 were sampled for 11 SIA, with a target of n = 3 per species per site and time. Of these, 281 had PER consumer 12 > 0.50. The contribution of periphyton was even more apparent in larger fish (>20 cm 13 standard length); 86 of 103 fish had PER consumer > 0.50 ( Figure 2 ). 14 Biomass weighted source proportions indicated clear reliance on periphyton in 15 the fish community (Table 3) . Periphyton contributions ranged from a low of 42% to 16 a high of 97% and only two of the sampling events yielded estimates of % periphyton 17 less than 50%. There was no obvious change from the early to the late dry season, 18
with three sites showing a decrease in % periphyton, and three sites showing an 19 increase (Table 3) . 20
21

Trophic level of consumers 22
Trophic levels of invertebrate secondary consumers ranged from 1. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w 17 differences in trophic fractionation among taxa. Periphyton-dependent taxa that were 1 rare but made up a large proportion of the biomass in the early dry season (crabs and 2 dytisicids) had relatively low TL (< 3.5). Those taxa that were not feeding on the 3 periphyton pathway achieved high relative biomass (e.g. snails and Coenagrionidae), 4 but they were feeding at low trophic levels (< 2.5). 5
Average trophic level of fishes across sites ranged from 2.8 (bony bream in the 6 late dry season) to 4.3 (barramundi, fork-tailed catfish, and glassfish, Table 4 highest TL and herbivorous fish (bony bream) having low TL (Table 4) . 10
Of the fishes and large invertebrates captured in fyke nets, those occupying the 11 highest trophic level and accounting for the most biomass had a diet derived primarily 12 from the pathway originating with periphyton, particularly late in the dry season 13 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The lack of a strong periphyton signal in the invertebrate community despite it 21 being present in fish is difficult to resolve. Only a few invertebrate taxa in our sample 22
were heavily reliant on periphyton -Dytiscidae and Hydrophilidae beetles, 23
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